THE history of water supplies in England is a poorly documented subject. Although various accounts of the history of water technology, and learned articles on the political and administrative aspects of water supply have been written, the history of water in relation to public health remains largely unexplored. As this is, especially concerning the nineteenth century, a voluminous subject, the present paper attempts no more than a broad survey of the process by which water came to be recognized as a vital element in public health, of the gradual discovery and application of criteria for water purity, and of the means by which supplies satisfactory in quantity and quality were obtained. The roots of the modern concern with environment and its effect on health lie in the eighteenth century, and in this period the first indications of interest in the quality and physical effects of water are found. Health and cleanliness were treated as personal matters in the eighteenth and earlier nineteenth centuries: in the first parliamentary inquiry into water quality in 1828 there is little evidence of any wider concern with the health of the general population. It was only in the later 1 830s and 1840s that the idea of public health in its widest, or modern, sense began to gain currency, and only in the second half of the nineteenth century that the term came to have, for certain social elements, a further dimension of public morality as well. It is against this background of movement from an individual to a social concern that the development of modern standards of water services must be viewed. The evolution of the public health idea during this period is reflected in the nature and quantity of primary sources. These are sparse for the eighteenth century, but plentiful by the second half of the nineteenth. The sources for the latter period are also more familiar, and therefore have been treated more cavalierly in this paper: the intention has been more to illuminate less familiar aspects of the water question than to present a definitive history. The geographical scope of this account has been limited to London, partly for convenience, but also because the experience of the capital was crucial in influencing the development of medical and legislative concern with water.
Water and the search forpublic health in London The quality of Thames water, despite the turbidity inevitable in major river waters, was probably not particularly bad in the eighteenth century. The city did not stretch very far upstream at this period, fish were still plentiful in the river, and stringent regulations existed prohibiting the discharge of noxious matters into the London sewers.'7 It was not until after 1815 that, for a variety of reasons,'8 the condition of the river deteriorated dangerously. Leslie Wood, in his recently published study of the history of the pollution of the Thames, concludes that the condition of the river in the eighteenth century was not very different from its condition today."9 Public consciousness of water quality developed only slowly through the eighteenth century. It is perhaps an indication of a spreading refinement of taste that the companies began to build settling reservoirs in order to clarify their water before distribution from 1808; previously, the New River Company had attempted to ensure that weed growth, etc., was removed from its channel, and the other companies had placed screens or perforated pipes across their river intakes (known as "dolphins") to prevent the passage of grosser kinds of rubbish. 20 There is evidence to suggest, however, that, despite authoritative urgings that clarity also indicated purity in water, ordinary people long preferred to allow taste to decide the source of their water supply. The various city wells were patronized on these grounds, and their supplies were often as turbid as those of the Thames.2' The reasons for the slow development of concern with water quality may lie in the gradually deteriorating quality of the Thames through the eighteenth century, and in the increasing refinement of late eighteenth-century taste, but they lie also in the gradual evolution of medical and scientific ideas during this period, and in the emergence, in the wake of the French Revolution, of the popular public voice, or pressure group, as an influence in public affairs.
The use of water, and particularly of spring waters, for medicinal purposes, has a long history. The English watering place can be traced back to Roman times, and a number of springs and wells retained their local renown throughout the Middle Ages and into the sixteenth century.22 From the 1560s, in the period when the first popular medical books began to appear, English physicians wrote of the virtues of such waters, the attributes of particular spas, and the variety of ills that might be alleviated by drinking their waters.23 By the later sixteenth century, both Bath and Buxton already enjoyed noble patronage.24 The development of secular society after the Restoration of 1660, and rising prosperity among the middle and upper classes, brought the flowering of spa towns, and places such as Bath, Tunbridge Wells, Cheltenham, and Harrogate emerged as medical and recreational centres. Visits to these resorts were made not only in search of remedies for specific ills, but also for more general recuperative purposes. The heavy eating and drinking, and excessive socializing that characterized the lives of the wealthier classes at this period, took their toll of many 7 Wood, op. cit., note 5 above, p. 10. The sewers were intended to carry only surface water. " Anne Hardy constitutions. Lord Chesterfield, for example, accepting in 1743 the dedication of a volume entitled The natural method ofcureing the diseases ofthe body, wrote that he intended to return to take the waters of Bath again: "I find my shattered tenement admits of but half repairs and requires them annually". 25 Since the early seventeenth century, when the idea of visiting spas first became popular, English physicians had been curious about the active principles of natural mineral waters, and had begun to develop methods for their analysis.26 Medical and popular emphasis on the benefits of spa water, and later in the eighteenth century of sea water, directed attention to water of less refined kinds. As early as 1679, Nehemiah Grew read a paper before the Royal Society on the salts of several waters from the City of London, "extracted, produced before the company, and examined"." The limits of chemical knowledge at this time meant that such investigations were confined to the mineral properties of waters; the possibility of organic substances being present was not considered. The popular medical writers of the early eighteenth century, indeed, made no reference to quality of water. One of the most successful, Dr George Cheyne of Bath,28 although advocating the use of water rather than strong liquor for daily drinking, made no mention of the quality of water to be drunk, probably because it was not yet considered important.2' It was said, indeed, that he had long arguments with his friend Beau Nash on the subjects of health and the best cures for diseases. Nash favoured the use of Bath water, while Cheyne took his stand on the eating of cabbages and carrots. 30 The uncertainties of chemical analysis produced many bitter disputes between rival physicians and rival methods at this period.3' Among the most outspoken critics of Bath water and Bath physicians was Charles Lucas, an exiled Irish patriot, who had qualified as a doctor in Paris." Lucas's attack on the Bath waters was contained in his three-volume Essay on waters, published in 1756. This work is, however, of wider significance, since it appears to be the first attempt at a systematic analysis of various waters and their qualities. Lucas himself implied that the work was entirely original: water, he observed, "the most useful and necessary part of the creation, whether economically, physically, or medicinally considered, has been so far, and so long neglected....".3 Although he denied any intention of attacking the Bath waters, his argument was, essentially, that "simple" waters were as beneficial to the health as 25 "medicinal" ones. Lucas's survey is also valuable as an example of mid-eighteenthcentury medical concern with water. He observed that there existed an almost infinite variety of water, so that it was necessary to distinguish which kinds were most fit "for the principal purposes of life". His criteria illustrate the comparative simplicity of contemporary standards:34 Nature early teaches us to distinguish waters by the common test of our sences [sic]: 1. We look upon no water to be pure or simple, that does not upon sight appear, pellucid or clear, and colourless; and the more clear and colourless it is, the better we justly pronounce it. Such water upon standing lets fall no sediment. 2. No water can be thought pure, but such as is perfectly inodorous. 3. No water can be pure, that is not quite insipid; though some insipid waters are far from pure: most terrene or petrifying waters are tasteless. 4. The purest water makes the greatest noise, when poured out of one vessel into another. 5. The purest water wets soonest and most, and feels soft to the touch. But, though these be the first trials to be made on water, as the senses differ in most men, we are not to trust solely to them; they only guide us to the proper and conclusive trials.
The proper and conclusive trials were those established by the "rules of chemistry"; in fact, by the long-established method of mineral water examination, which covered first, the physical characteristics of the water; second, chemical tests and tests of the residue after evaporation; third, its observed medicinal effects." Lucas specifically noted that "no artificer requires so great accuracy in the choice of water" as the chemist, who used it for "elixiviation, solution, precipitation, lotion, or ablution, crystallisation, distillation and numberless other operations". If the water was not pure, the chemist was liable to "endless errors and remediless deceptions".3' Lucas's researches convinced him that it was "absurd to imagine" that any water known to man was perfectly pure. Even meteoric or atmospheric waters (dew, rain, snow) were affected by the medium through which they passed, and that of the vessels into which they were received."7 Among the waters which Lucas included in his survey were a number of the London waters. London, he considered, was served with water in greater variety and abundance than any city in Europe: ". . . there is not a considerable street in London which is not furnished with such plenty of water, by way of aqueducts or pipes, from various sources, besides what wells and pumps supply . . . but even the upper story of most houses are, or may be, supplied with water. . .". Common cocks in the broadest streets watered them in summer, and cleansed them in winter; the abundance of water removed the need for hawkers of water such as could be seen in Paris and other great cities, and, "undoubtedly is one of the principal causes why our capital is the most healthful great city in the world".38 He tested the waters of the Thames, the New River, the Hampstead ponds, the large spring in Rathbone Place (from which several streets were supplied), and a number of wells. His results are interesting both as an early example of the practical application of chemical methods, and as an early milestone among London water analyses.
The Thames and New River waters were alike turbid, but attained a similar degree 34 Ibid., pp. Anne Hardy of clarity when allowed to settle. They yielded sixteen and fourteen grains of solid matter per gallon respectively (the Bath waters, by comparison, yielded an average of sixteen grains per pint39). This quantity, Lucas observed, was "very inconsiderable" -it was not easy to collect rainwater with less, especially near a great city. Although he noted that the turbidity of the Thames must be due to the "foregne mixture it receives about London", Lucas had no medical objection to these waters. They might, with perfect propriety, be used for drinking, bathing, washing, cooking, brewing, and preparing medicines. However, for the exact dilution of solutions for precipitations; for the washing of magisteries; for the dyeing of tenderer colours; for the accurate crystallization of salts, and the like operations, purer waters should be sought by the curious spectator.40 The human constitution was not, as yet, counted among the more delicate of nature's mysteries. The results obtained from the other London waters, and Lucas's remarks on the safety and propriety with which they might be drunk by calculous and gouty patients, confirm his lack of particularity about the solid contents of water. The Hampstead ponds yielded four scruples ten grains of matter, which when burnt gave off a smell of burning bricks. The Rathbone Place water gave five scruples per gallon; let stand, it let fall an earthy deposit, and the sides of the glass in which it stood became covered with bubbles. The waters of all the pumps and springs in London and Westminster bore a great resemblance to the Rathbona Place water:
the St Paul's churchyard pump yielded sixty-one grains of solid matter per gallon; the Savoy Pump, fifty-seven grains; Crowder's Well, four scruples; Lamb's Conduit, 20 .5 grains of matter of a darker colour than any of the rest.'1
The period at which the solid contents of drinking-water, its turbidity, and possible organic content, became a matter of medical importance cannot be determined with any precision, but probably began around the time of Lucas's survey. The year 1750 saw the publication of John Pringle's Letter to Dr Mead, which was incorporated two years later into his most famous work, Observations on the diseases of the army. Pringle had been physician-general to the British troops during the campaigns of 1742-3 in and about Flanders, and subsequently in England. His observations in the field had led him to conclude that camp dysentery was spread by improper sanitary arrangements; he also pointed to putrefying animal matters as a source of disease.42 Other work in the middle years of the century began to point to water as a source of disease, rather than as a cure for it. Richard Mead had published, in 1702, the case of a lady who had been troubled with chronic colic, until she took the advice of her physician, and stopped drinking beer brewed with well-water; in 1756, Mead issued a general warning against the practice of brewing beer with well-water.43 The observation that goitre in the Alps and Pyrenees was associated with the drinking of water from particular springs made a considerable impact on the medical world." By 1769, (1789), and one of the acknowledged pioneers of the British public health movement,45 was writing that water in whatever form had an extensive influence on the health of man. In particular, he noted that the "numberless disorders" of infancy and childhood sprang from "this necessary diluent and vehicle of their food .46
Percival warned particularly against the use of "raw" river waters. His observations, however, revealed the limits of comprehension previous to the emergence of the New Chemistry in 1789. All rivers, he wrote, carry with them a great deal of mud, filth, and other impurities, and when they flow near large, populous, and manufacturing towns, become the receptacles of the common sewers, and are impregnated with "an heterogenous mixture of copperas, alum, soap lyes, logwood" and other residual substances. In this state, they are "certainly unfit" for the common purposes of life. Yet if allowed to rest, all the "feculencies" in such water would subside, and it would become "sufficiently pure, grateful, and potable".47
Percival's interest in the quality of water supplies was a logical part of his wider concern for public health in the urbanenvironment. He was one of the instigators of Manchester's first public health committee in the 1760s4" and his works form part of a pattern of increasing medical concern at the social conditions and mortality rates prevailing in cities in the latter part of the eighteenth century. Although, from the late seventeenth century, towns throughout England had become increasingly concerned with the provision of public amenities, among which water supplies were a prominent feature, such facilities were not generally extended to the poorer areas.49 As is well known, the poorer districts received little civic attention in the early stages of industrialization, and were permitted to grow unregulated by any form of sanitary legislation.50 Among the recommendations which the physicians of Liverpool, for example, made to the city corporation in 1788, were the regulation of industries in the town, especially of the offensive trades (butchering, bone-boiling, cat-gut manufacture, etc.), and the improvement of the pavements and, more particularly, of the common sewers.5' Although the public health movement did not reach the national stage until the 1830s, its roots lie very evidently in the interests of such late eighteenth-century figures as Percival and Dr Ferriar at Manchester, Drs Moss and mation was that the disease was caused by drinking snow-water, and that it was not hereditary); Friedrich Hoffmann of Halle the Younger, Opera, Geneva, 1740-53, vol. 6, pp. [202] [203] The effect of the New Chemistry as applied to the study of water was certainly to introduce a greater precision in the terms of analysis. Lavoisier's pioneering experiments to determine the composition of organic substances, while in themselves not very successful, were important in showing the correct approach to practical methods of organic elementary analysis.57 Although organic chemistry and associated analytical procedures remained a backward area of chemistry until the work of Justus Liebig in the 1830s,5' Lavoisier's work helped to stimulate the concern over the organic content of water supplies which had been rising since John Pringle's illumination of the dangers of putrefying animal wastes. In 1793, James Peacock, architect, observed that medical men readily pointed to the "probable advantages" to the preservation of life and health that would result from the use of soft water, "cleared from the earthy, and the living, dead, and putrid, animal and vegetable substances, with which it is always more or less, defiled and vitiated". The majority of mankind, however, drank water no matter how turbid it happened to be, "without the least hesitation"."9 The recognition of the dangers of organic solids in water had not as yet spread very far outside medical circles. Peacock had, nevertheless, invented a system of water filtration, which would provide clear water for family or community use. Whether he was the first to do so is debatable: although earlier literature mentions distillation, and resting water to allow impurities to subside, there seems to be no actual reference to filtration. Peacock certainly wrote as if his idea were original, but this is not in itself conclusive. His system did, however, possess the features which became established as the basis of this technique. He advocated the use of two types of filtration vessel, one of glass, porcelain, or stoneware for family use, and one of wood, brick, marble, or stone for larger purposes: whole districts, villages, towns, and even cities might be so supplied, at "very easy rates".' These cisterns were to be divided into three parts. The first received the turbid water from a service pipe; the second contained a stratified medium for filtration (gravel of different sizes); the third received the clarified water after its ascent through the filter. Peacock recommended that the contraption be cleaned five or six times a year, more if the water was "uncommonly turbid"."
Peacock's scheme was not adopted on any large scale at this time (the Chelsea Company, first of the London water companies to introduce filtered supply, did not do so until 1829), although it is apparent that a moderate interest in purer -or clearerwater had been aroused, at least in medical circles. In 1816, for example, the Monthly Gazette of Health carried an advertisement for Handcock and Wilson, of Welbeck Street, Cavendish Square (a highly respectable district), who were selling distilled water to the general public, at a cost of 8d. per gallon delivered to any part of London, or 6d. per gallon at the distillery.'2 Similarly, in 1819, Mr James of Knightsbridge was advertising his "cheap machine" for depriving water of "impurities and animalcules" by filtration. The machine cost twelve shillings, and would, it was claimed, last a small family two years.63 Such devices did not, it seems, achieve a wide sale. In the evidence taken before the first parliamentary inquiry into the quality of water supplied to London in 1828, the medical gentlemen interviewed were almost the only individuals to state that they made use of domestic filter machines."
Although the importance of clean drinking-water was becoming recognized, perhaps the first systematic attempt to point out the consequences of using impure water, and to convert patients from its use, was that made by William Lambe, discoverer of the dangers of lead in water, in the early years of the nineteenth century. Lambe's attention had first been directed to the injurious effects of drinking-water conveyed by lead pipes in 1797, and as a result of his findings, he extended his " J. Peacock, A new method offiltration by ascent, London, 1793, p. 3. 6 Ibid., pp. 5-11. 61 Ibid., p. 11. 62 Anne Hardy researches to the analysis of other impurities in water. Although he probably did not invent the principle of distilling water at home, as one nineteenth-century source claims, Lambe's work in analysing various drinking-waters was original enough to attract the attention of Humphry Davy.65 Lambe was convinced that "putrescent matter" was the "most noxious principle of common water". He had suffered from a variety of digestive and stress disorders all his adult life, and in 1803 began using distilled water as a remedy. In that year, he wrote to his friend Dr Parr: "I beg you will consider my doctrine, that all pump water is poisonous. ..".'" Lambe moved to London in 1805, and established himself in practice there. In 1806, his condition deteriorated to such an extent that he resolved in future to restrict himself to a diet of distilled water and vegetables (the two being of equal importance). His health improved markedly, and he thereafter became an ardent advocate of his own dietary system, including the poet Shelley among his converts.'7 In his Reports on regimen, in which he detailed his own case history, Lambe recorded his belief that, "The peculiar noxious principle of bad waters is nothing but the corrupted animal and vegetable matters, with which they are impregnated. These matters are therefore poisonous ... actively mischievous ... immediately and directly deleterious; and it is astonishing to consider how greatly the influence of this matter has been overlooked, even by writers who were fully aware of the general importance of the subject."68 Lambe's conviction was not generally shared by the medical world, and a lively controversy arose on the question of how far the presence of foreign matter affected the salubrity of water. Some, like Lambe, insisted that water must be distilled to be pure, and some, in the tradition of Lucas, considered every description of water perfectly healthy.69 There was no means of settling this dispute. Turbid water did not immediately and consistently produce recognizable ill effects, while difficulties surrounded the results of analysis: was contamination limited to what was found suspended in water, or were there elements "truely dissolved" in the water that would remain dangerous even after filtration?70
These discussions were brought to a head, and the question of the purity of London water supplies in general first brought before the public eye, in March 1827, when a pamphlet entitled The dolphin was distributed to houses in the city of Westminster." An attack on the Grand Junction Water Company, whose intake from the river at Chelsea lay within a few yards of the outflow of the Ranelagh Sewer, this pamphlet is of some significance, for in tone and contents it marks the emergence of the nineteenth-century public health movement, with its appeal to the general public, and its sensationalist approach. The history of the pamphlet's appearance is equally sig- Water and the search forpublic health in London nificant, for it reveals not simply a protest, but a specifically political motive." The author, discreetly anonymous, was John Wright, editor of Hansard, and a former colleague of William Cobbett. Since the previous December, he had been working with the Radical MP, Sir Francis Burdett, to maximize the public and parliamentary impact of the pamphlet." A public meeting on the subject was arranged (attended by such figures as Burdett, Lord Salisbury, Lord Jersey, Sir Henry Halford, John Cam Hobhouse, Professor W. T. Brande, and Samuel Rogers), newspaper coverage obtained, and Burdett pressed for a parliamentary inquiry into the quality of the London water supply.74 The latter was obtained without difficulty, if with some delay, since, as one contemporary later recalled, "...the whole town was in convulsions under the notion that they should be poisoned with filthy water"."
The Royal Commission appointed to inquire into the water supply of the metropolis in 1828 consisted of three persons: P. M. Roget, physician, William Brande, chemist, and Thomas Telford, the distinguished engineer.' The three disciplines which were to be principally concerned with the quality of the capital's water supply throughout the century were already equally involved in this, the first of a series of explorations of the problem. The Commission had three subjects to investigate: the quantity of water supplied to the metropolis; its quality; and the provision of new methods or sources of supply.
The scope of the inquiry was, however, limited to the water provision of the companies: it was, therefore, essentially concerned only with the comfort and welfare of the wealthy classes and industrialists, and not with that of the common people of London, whose sources of water remained scarce and unsatisfactory, as they probably always had been. Evidence was taken over a period of days, from representatives of the water companies, from doctors, employers, fishermen, plumbers, publicans, hospital stewards, and engineers. The Commission concluded that, although the quantity of water supplied to the metropolis was satisfactory, the quality was less so. The Commission's analyst, however, found that Thames water in itself had "considerable purity"; that is, the water was largely polluted by suspended matters rather than by substances dissolved or chemically combined with it. Filtration through a sand-bed would remove a very considerable part, if not the whole, of such matters, and this might be done, "within such limits of expense as no serious objection can be urged [ Anne Hardy Most of the evidence given before the Commission was impressionistic (even the physicians relied simply on their senses of sight, taste, and smell in judging the company water), and much of it was colourful. Thames fish, for example, were said to climb out of bad water on to pieces of driftwood and bundles of weeds, gasping for air.79 The witnesses, in general, agreed that the quality of Thames water had gradually deteriorated in the previous ten or twelve years; that is, since about 1816. The principal causes of this deterioration were suggested as being the increase in industrial effluent, notably from the gas industry, passing into the river;" the steam boats, whose constant passage stirred up the river bed;81 and the greater flow of water through the sewers, which had led to unprecedented pollution of the river: human wastes had formerly been collected by the night-soil men, and removed for manure purposes.82 John Wright, in a memoir submitted to the Commission (he was not called as a witness), referred to the "total and entire change" that had taken place in metropolitan municipal drainage regulations in the last few years. Whereas the Corporation of London had formerly prohibited the casting of soil and filth into the river, this was now positively encouraged as a means of disposal.83 Other polluting factors noted by the Commission included the recent rapid growth of population in the city and its region, the position of the companies' intake pipes, and the numbers of dead animals and the amount of slaughter-house offal being thrown into the river. 84 Contemporary opinion that a real deterioration occurred in the condition of the Thames after 1816 is confirmed by the most recent study of the river's modern pollution history."' Although the various factors observed by the Royal Commission of 1828 were not unimportant, rapid deterioration in the early nineteenth century was principally due to industrial pollution (especially from the gas industry), the growth of the city, and the introduction of the water-closet combined with the change in drainage policy. The diffusion of the water-closet, indeed, created the conditions which were so greatly to exercise public health reformers for the next hundred years.86 The efficient water carriage of human wastes on a large scale became possible with Joseph Bramah's introduction of the improved version of the water-closet in the 1770s.J7 Between 1778 and 1797, Bramah supplied over 6,000 water-closets; and by 79 Royal Commission 1828, pp. 121, 123.
8' The first London gas company was set up in 1812. By 1815, there were thirty miles of gas mains laid in the city. The wet lime purification of gas, which was practised from 1806 until the 1860s, produced an offensive residue ("blue billy"), which the Gas Light and Coke Company discharged directly into Water and the search forpublic health in London the 1830s, they were being widely used in London. In 1844, the great builder, Thomas Cubitt,88 observed that although the public was not yet ready to accept legislation enforcing the provision of a water-closet in every home, ten water-closets were now being installed in new buildings for every one that had been installed twenty years previously.89 Household drains were not permitted direct connexion to the London sewers until 1815, when the prohibition was lifted. By 1828, estimates of the number of sewers discharging into the Thames at London varied from 139 to 145.9°Although it is impossible to say how effective the anti-pollution regulations were up to 1815, there can be little doubt that there was a substantial increase in sewage pollution of the river after that date, partly because of the removal of restriction, but principally because of the spread of the water-closet. Thomas Cubitt testified that in 1844, very few common privies did not empty themselves into the common sewers. Forty years earlier (that is about 1803), these had drained into cesspools throughout London, but in recent years they had been connected to the sewers, and the river now received nearly all their contents." ' The conditions revealed by the 1828 Royal Commission did not stimulate any redressive legislation; and in spite of the acute public interest of 1828, the question of the London water supply largely disappeared from view until 1850.92 The phenomenon need cause no surprise: the history of popular public interest in health matters in Britain follows a consistent pattern of sporadic intense concern, followed by long periods of indifference. Nevertheless, in view of the fears of 1828, it is remarkable that in the cholera literature of 1832, a mere four years later, only one anonymous pamphleteer suggested a connexion between the disease and water supply.93 The general development of the public health idea during the 1830s served, however, to redirect medical and sanitary interests towards water, and also to integrate the water question into a wider framework of sanitary concern, linking it to problems of drainage and house construction, domestic habits, poverty, and disease. The early studies of local problems of health and disease by independent doctors were supplemented from the later 1830s by officially sponsored inquiries, of which the first was that into the causes of fever in certain areas of the metropolis undertaken by Drs Kay, Arnott, and Southwood Smith under the aegis of the Poor Law Board in 1838.'4 Kay and Arnott, in particular, emphasized the importance of adequate water supplies in poor districts for drainage and sewerage purposes, and to allow "sufficiently" the washing of streets, houses, clothing, and persons.95 By 1840, it could be observed that, "The importance of an ample and due supply of water within the reach and means of the humbler Anne Hardy classes has been evident to all who have attended to the subject, and appears lamentably deficient in several populous and increasing communities."" In the 1830s, therefore, water supplies were being seen for the first time on a public canvas, as they affected the poorer classes; a concern that had scarcely been broached in previous debates on the quantity and quality of urban water supplies.
The further investigations of the middle classes into urban conditions of the 1840s helped to place water firmly among those subjects at the heart of any sanitary reform programme. Edwin Chadwick's eyes were opened to the significance of water supplies by the material which he collected for his Sanitary report of 1842. No previous investigation, he wrote, had made him conceive of the privations which the working classes were subjected to through inadequate supplies of water for washing, cleansing, and sewerage, and of wholesome water supplies for drinking and cooking.97 Supplies of water in such areas had to be fetched from wells or stopcocks, and carried in buckets or other vessels. In such vessels it would also be stored, uncovered, in rooms used constantly by the family, exposed to many forms of contamination, and be used and reused for various purposes. Among the examples of such unsatisfactory provision cited by Chadwick was the working man of Bath, whose water for drinking and all other purposes was taken from the river, in spite of its being muddy and frequently foul-smelling from the filth which it carried.9" The impact of Chadwick's report has been described elsewhere;" its specific role in wakening a consciousness of the general problem of urban water supplies can be seen in, for example, the evidence of Joseph Toynbee, dispensary surgeon, before the Royal Commission on the Health of Towns (1844). Toynbee stated that it was the Sanitary report which had drawn his attention to water quality. He had investigated further on his own account, and his inquiries had convinced him that the quality of water, the mode of its transmission, and the atmosphere in which it was kept influenced the health of the population "to a much more serious extent than has hitherto been imagined".'"°T he scientific evidence of the link between organically contaminated water and ill health continued, however, to be inconclusive. Thomas Clarke, professor of chemistry at Aberdeen, was not prepared to make any statement on this subject to the 1844 Royal Commission. When questioned as to the likely effect on health of the constant use of water containing animal and vegetable impurities, he observed that despite the interest of the subject, little accurate information had been obtained.'0' He himself had, however, found animalcules visible to the naked eye in all the London company waters: he had never observed any such creatures in any town's water before (contrary evidence was given on this point by other witnesses science enhanced the value of practical observations such as that made by Southwood Smith on the same occasion: in every district in which fever epidemics were frequent, there was uniformly bad sewerage, bad water supply, bad scavenging, and a consequent accumulation of filth.Y03 Several medical witnesses suggested that the remedy for these problems was a constant supply of piped water to the poor districts as well as the wealthy ones. The 1844 Royal Commission marks the first appearance of this sanitary demand."04 Although provision was made in the 1847 Waterworks Clauses Act for the extension of company water supplies on the constant system throughout London, it was another fifty years before this particular sanitary ambition was fulfilled.105
The general investigations into urban conditions of the early 1 840s were given more precise orientation by the work of the General Board of Health appointed in 1848. Among the subjects which the Board specifically inquired into was the water supply of London, and the interest that this inquiry aroused in the water question resulted in legislation in 1852.106 The Metropolis Water Supply Act, 1852, did not follow the recommendation of the General Board of Health to remove the source of London water to Farnham and the Surrey Sands, far from the contaminating influence of the metropolis, because a government inquiry by three chemists into the chemical quality of the London supply had, in 1851, suggested that this development was not, as yet, necessary.107 Tidal drainage above London was not yet significant: "The river may reasonably be supposed to possess, in its self-purifying power, the means of recovery from an amount of contaminating injury equal to what is at present exposed to its higher section."'°" The chemists still believed that where organic contamination was concerned "the indefinite dilution of such matters in the vast volume of the well aerated stream is likely to lead to their destruction by oxidation, and to cause their disappearance".109 Nevertheless, they were worried about the continuing growth of population and industry in the London area, and the probability of increasing organic and chemical pollution of the river. If the Thames were to continue as any considerable source of water for London, they recommended that the intakes should be removed to a point away from contamination, and entirely above the tidal flow of the river. It was also pointed out that, if the intakes were placed above Teddington Lock, discoloration of drinking-water by the turbid floods of the river Brent would be avoided."10
The anti-pollution measures contained in the 1852 Act were largely shaped by the opinion of the chemists. The London water companies were confirmed in their position as the monopoly holders of water distribution in the city, in spite of public pres- Anne Hardy sure for their replacement by some form of municipal control."11 The companies agreed to remove their Thames intakes to above Teddington Lock, and to submit any proposed changes in the source of supply to the inspection and approval of the Board of Trade. They undertook to cover their reservoir, and to filter their water "effectually" before delivery.112 These measures with regard to supply marked the culmination of a process of steady improvement which had begun with the building of settling reservoirs early in the century, and continued with the general introduction of filter beds in the 1830s, and of storage reservoirs in the 1840s.113 The 1852 Act was, however, far from solving all the problems associated with the London water supply. The impression given by Reddaway, for example, that London's water supply was on a satisfactory basis thereafter, is misleading.11' Both quantity and quality remained concerns central to metropolitan sanitary reformers until the end of the nineteenth century, and although this anxiety can be seen to have been partly the result of still incomplete scientific understanding, there can be little doubt that there remained grounds for disquiet.
The 1850s nevertheless marked a new phase in environmental improvement in London. The Metropolis Local Management Act, 1855, established a new administrative network for the city (civil parishes administered by vestries elected by and from the ratepayers), as well as a higher authority, the Metropolitan Board of Works, with responsibility for certain concerns of the whole capital.115 Principal among the projects which it undertook was the main drainage of the city.116 At this date, London had nothing resembling a main drainage system, let alone one that bore any relation to environmental hygiene. The early sanitary investigations abound in descriptions of leaking cesspools, uncovered drains, open sewers, stagnant surface waters, and hideous middens. Such sewers as there were drained unashamedly into the river, while the surface wells which still supplied much of the city's domestic water were frequently contaminated by seepage from the various and unregulated drainage arrangements. 113 Dickinson, op. cit., note 9 above, pp. 119-121. 114 Reddaway, op. cit., note 104 above, p. 130, remarks that "Water, no longer loaded with decomposed vegetable matter, had become a standard of cleanliness". Although filtration was later discovered to remove some ninety-five per cent of organic pollution from river water, such pollution remained a concern until the twentieth century. There is little doubt that the appearance of London water in the later nineteenth century would often have suggested to modern eyes, as it did to contemporary observers, that the water was far from clean (see note 148 below). No The 1855 Act admitted that an official system of main drainage for the city was vital, but it was not until the river had contributed its own evidence of serious pollution in 1858 that such a scheme was implemented. Begun in 1859, the main drainage system was largely completed by 1865, with outlets into the river at Barking Creek and Crossness, below London. Yet although London's pollution of the Thames within its boundaries was effectively curtailed from the mid-1 860s, the pollution of the river above London became an increasing concern. The engineering triumph of Joseph Bazalgette, architect of the system, was not in itself sufficient to solve the whole problem of Thames pollution, since agricultural effluent, and that of cities such as Oxford and Reading, which lay above London on the river, continued to flow into it. In 1865, a Royal Commission began to investigate the subject of river pollution throughout the country, and the final report of this body in 1874 was followed by legislation in 1876.
The conclusions of the Royal Commission on Rivers Pollution (once again conducted by chemists)"" illustrate the development of chemical thought since the inquiry of 1851. By 1874, the sewage contamination of river water was no longer acceptable on the grounds that the movement of the river constituted a self-purifying process.119 As late as 1869, this self-purification process had been widely accepted, '20 but the Commissioners of 1874 presented chemical proofs to the contrary.'2' Further, they adduced recent medical experiments to substantiate their argument. They remarked that much physiological and chemical research had shown that several at least of the epidemic diseases were spread by means of living spores or germs. Although this view was barely established on a scientific basis, the experiments made by J.-B. A. Chauveau on the constitution of the infective matter of smallpox, sheeppox, and glanders were the "furthest advance towards the non-theoretical explanation" of these phenomena yet made.'22 Diseases such as smallpox, diphtheria, measles, scarlet fever, and typhus were known to be transmissible between the healthy and the diseased without personal communication; cholera and typhoid were known to be transmissible through bowel discharges.'23 The commissioners concluded in uncompromising terms. As a result of their inquiries into polluted water in England, they found that "it is a widely spread custom, both in towns and villages, to drink either the water of rivers into which the excrements of man are discharged, or the water from shallow wells which are largely fed by soakage from middens, sewers or cesspools. Thus vast multitudes of the population are daily exposed to the risk of infection from typhoidal discharges, and periodically to that from cholera The evidence presented to the various parliamentary inquiries into water supply over the years reveals the slow and stumbling process of discovery that lay behind the steady accumulation of legislation on sanitary subjects. The idea of a direct connexion between water and disease, although present in the early nineteenth century, was neither popular nor prominent among the varied theories of disease causation that existed at the time. Although John Snow's first essay on the water-borne nature of cholera appeared in 1849,126 it was not until he was able to demonstrate the working of his theory in 1854 that the link between cholera and water was accepted. As we have seen, it was possible for the chemist Thomas Clarke to claim, in 1844, that no accurate information had been obtained on the connexion between ill health and water: in 1851, his fellow-chemists before the Royal Commission on the metropolis water bill were stoutly maintaining, on the authority of Justus Liebig, the greatest contemporary organic chemist, that the presence of "animalcules" in water was not harmful.'27 It was the opinion of "every chemist who had considered the subject" that in wellaerated water the presence of oxygen destroyed all putrescent effluvia.'23 Alfred Taylor, one of the foremost contemporary authorities on poisons, specifically denied the connexion between cholera and water. He pointed out that Guy's Hospital, which did not filter the water which it received, already filtered, from the Southwark and Vauxhall Company, had in 1849 only four cholera cases among 3,772 patients admitted. In Rome, which was supposed to have the best water supply in the world, cholera had been proportionately more severe than in either London or Paris. "We cannot in any part of the world connect the ravages of cholera with the quality of the water." 119 The connexion between cholera and water supply was, however, dramatically confirmed in London during the epidemic of 1854. In South London, where two com-Water and the search forpublic health in London panies, the Lambeth and the Southwark and Vauxhall, served an overlapping area, where many streets contained houses supplied by both, it was found that the cholera pattern coincided most markedly with the source of water supply. The disease affected houses served by the Southwark Company, but not those served by the Lambeth.'30 John Snow's views on the dissemination of cholera were vindicated, and the connexion between water supply and the disease firmly established. Thus when, during the last English cholera epidemic in 1866,'3' London cholera showed a marked preference for the East End of the city, the implications were quickly clear to contemporaries. Within three days of the concentration of the outbreak becoming clear, John Simon (then Medical Officer to the Privy Council) had issued a warning to the East London Water Company that the water supply of these districts was suspected to be at fault. It was subsequently shown that the East London Company had illegally distributed water from an uncovered reservoir, which was contaminated by infected soakage from the River Lea. '32 Although in respect of other diseases the likelihood of a causal connexion with water continued to be treated with reservations,'" Snow's work, and the events of 1854 and 1866, provided sanitarians and the medical profession with a firm basis from which to publicize the association between polluted water and disease. The lessons of 1854 and 1866 were indeed reflected in legislation within a few years. The 1871 Metropolis Water Act, although not in itself a very satisfactory measure,'34 secured the appointment of a Metropolitan Water Examiner, and an Auditor, whose salaries were to be paid by the companies, but who were to be responsible to the Board of Trade.'35 The Act also established the right of the metropolitan authority (the Metropolitan Board of Works to 1889, thereafter the London County Council) to require the provision of constant supply in districts where this was thought necessary. The Act thus established that the operation of the companies was subject, in the public interest, to parliamentary supervision.
The companies remained private commercial organizations, however, and no attempt was yet made to impose any uniform standard on their operations. Anne Hardy of London's water was drawn from the Thames, 37.48 per cent from the Lea, and 12.46 per cent from springs and wells (in 1866, the proportions had been 49 per cent, 44 per cent, and 7 per cent respectively), and two companies, the East London and the Southwark and Vauxhall, were actively extending the number of their deep wells.137 Bolton admitted that the waters of the Thames and Lea were frequently very turbid and difficult to deal with in the winter months: the filtration processes to which the water was subjected before release were crucial in bringing it to an acceptable standard for domestic use. Bolton stated that the filtration rate should not exceed 2+ gallons per square foot of filter bed per hour: most of the companies had a rate well below this maximum, and in 1888 the figures were practically the same as in 1884.138 The filtration processes employed by the seven companies were only broadly uniform. Water was pumped from the river into subsiding reservoirs from where it flowed into brick-or concrete-lined filter basins containing layers of sand and fine or coarse gravel in descending order. In all cases, the water was made to pass vertically downwards; was collected by pipe or brick drains laid on the floor of the filtering basin, and led by conduits into the pure water basin and the well of the distributive pumping-engine.139 The thickness of the filtering materials used by the different companies (as well as the size and construction of the reservoirs, basins, etc.) varied greatly, from the eight feet of the Chelsea Company to the two feet nine inches of the Grand Junction. The thickness of the upper sand layer (the most effective) varied from two feet to four feet six inches, and the materials used also varied. The Chelsea Company's layers consisted of coarse and fine sand, shells, and gravel; the West Middlesex used Harwich sand and gravel in two sizes; the Southwark and Vauxhall at their Hampton station used boulders, coarse and fine gravel, hoggin, and sand.',* Although the different methods of the various companies may have resulted in greater or less efficient filtration, Bolton were sought it would be found to be the water consumer himself, whose lack of attention to his cistern and filters created the evils of which he complains".141 The filtration standards established by the later nineteenth century remained acceptable thereafter. Yet although practical routes to clean water existed in a great degree by the 1880s, numerous local problems combined with scientific uncertainty meant that water quality, as well as the quantity of supply, still featured largely among sanitary concerns. Detail of the everyday problems and uncertainties of domestic water supply comes from observers who were intimately involved in the sanitary concerns of the capital, for the institution of local public health services in London in 1856 provided a further element in the search for acceptable water supplies for the city. The London medical officers of health each served a parish. The size of these parishes varied, from Hampstead, with a population of 11,986 in 2,252 acres in 1851, to Whitechapel where 79,759 persons were crammed on to 406 acres, of which twenty-three were water. The medical officers were the first group of professional men to be employed to investigate and improve social and environmental conditions with a view to lowering death rates and diminishing the toll of preventable disease in the city. Following the pattern set by John Simon in his pioneering work for the City of London,142 the medical officers of health were largely concerned with drainage and water supplies. Through their annual reports,'43 it is possible to obtain a more popular view of contemporary attitudes towards the provision and quality of water. Much of the background is, of course, clear from the parliamentary investigations of the first half of the century. There is no doubt, for example, that the poorer areas of London were inadequately supplied with water by the companies: such supply as there was was intermittent (two or three times a week) and usually from a common cock -a device which meant queues at times when the supply was on, and the necessity of some means of storing water in the home. Too frequently, this was an uncovered bucket or barrel exposed to contamination from all household sources, used and re-used for a multiplicity of purposes. This receptacle was often stationed next to the privy, and thus exposed to pollution from the noxious gases which crept from this insanitary apartment.'" Until 1870, water was never supplied on Sundays."45
The limited supplies of water available in the poor districts, and the intermittence of supply even in wealthier areas until after 1870, meant a great reliance on public and private wells. These were usually shallow surface wells, whose supply was derived from the drainings of cesspools, slaughter-houses, and graveyards. Their walls were frequently in a ruinous condition, and were, so Dr Henry Bateson observed, covered with a "ropy, slimy layer of substance, offensive to smell and touch". The water from these wells was, nevertheless, considered by local people to be cool, pure, and delicious. 146 Such well-waters were popular. They were valued for their brightness and flavour, despite the repeated warnings of medical officers.147 The removal of these "'slaughter-wells", as they were called, occurred steadily in the years after 1856, and was popularly regarded as a wrong done to the poor.14" In 1875, Dr Dudfield of Kensington noted the "remarkable tenacity" with which the old inhabitants of the parish clung to their surface wells, none of which was safe. The process of abolition was a slow one. In St George-the-Martyr, there were still eleven surface pump wells in 1892 (samples submitted to the public analyst showed them all to be highly charged with sewage and other organic matters); while an unspecified number of surface wells remained in Camberwell in the 1890s.149 Although patterns of water-drinking in nineteenth-century urban society are impossible to reconstruct, there is no doubt that supplies of water were essential to the domestic lives of even the very poor and the very rich. Water was used in washing, cooking, and beverages; the spread of the temperance movement from the 1860s must have increased the demand for drinking-water."50 Water was also used to make tea -that great British consolation, a luxury which even the very poor deemed essential to everyday life.1"' At every level of society, water was used as a mixer for other drinks: the rich drank eau sucree and lemonade, the poor diluted their ginger beer and gin with it."52 Water shortages caused consumer distress. Although it has been claimed that the 1852 Water Act largely did away with the daily difficulties experienced by the poor in obtaining water,'53 there is plenty of evidence that water long remained a problem in poor areas. In the hot summer of 1858, for example, the people in the most densely populated parts of the very poor parish of St George-the-Martyr were to be seen on Sundays going in all directions with saucepans and other utensils in search of water.'54 At the other end of the social scale, the middle classes were capable of taking the law into their own hands to obtain supplies when necessary. In January 1866, a number of gentlemen in Camberwell were driven to rebel when the local water company failed to provide a supply on a Saturday, Sunday being, as the narrator recorded, a "dies non" to water companies. On the Sunday morning, they arrived at the local turncock's home, threatening to sue the Company and the turncock for failing to supply water, and forced the latter to "unlock the barriers that confined the should-be crystal stream". They thus brought "cleanliness and comfort" to more than 100 homes.l5" Although the problem of the Sunday supply was solved in 1870,156 there can be little doubt that public insistence on a constant supply of water, as well as public fastidiousness about water quality, lagged considerably behind the demands that the medical profession and sanitary reformers had formulated on the public's behalf. This is not surprising, in view of the ancient habituation to irregular supplies of water, the relatively recent realization by the medical profession of the dangers of impure water, and the fact that impure waters had been used for so long with so little apparent evil effect. The lurid descriptions which the more radical medical press found it necessary to employ for propaganda purposes reflect the extent of the educational difficulty. In 1855, for example, the Lancet remarked savagely on the universal custom of using ". .. a diluent into whose chief reservoirs the sewage and excremental matter of the surrounding inhabitants were hourly being poured."157 In the late 1880s, Sir John Simon complained that the domestic water supplies of London bore all the appearance of "third class ditch-water", while Frederic Harrison in 1894 warned that a single epidemic might make the water of London "as deadly as the climate of Vera Cruz"."58 In spite of such forebodings, progress was noted on this front from time to time. In 1872, the Lancet recorded that householders were at last beginning to follow the physicians' demand for pure water; in 1883, the South London Press noted a public awakening of interest in the water question.159
Nevertheless, standards remained low by modern criteria. The increasing involvement of middle-class reformers in improving the habits and manners of the poor did not necessarily entail a consequent application of middle-class standards or facilities. The determination to maintain class differentials could be too great. Octavia Hill, for example, who managed tenement houses for the poQrer classes with the intention of impressing higher domestic standards, provided only cold water to her houses, piped to a communal tap on each floor. Tenants who wanted water to hand in their homes would still have to resort to a receptacle system."60 Yet even the Hill system was an improvement on the older, unimproved types of tenement housing. In these, there was frequently only a single source of supply to serve many storeys, and such conditions remained the cause of much unhealthiness and inconvenience until late in the century."1 Until the 1890s, an unknown number of privately owned properties were probably without a proper domestic water supply at all, but remained dependent on Anne Hardy surface wells."62 Before 1891, the local authorities had no power to compel house owners to supply water for domestic purposes, unless supplying wells were found to be unfit for use; they could only compel the provision of a supply for drainage purposes, that is, for the flushing of water-closets."13 Camberwell Vestry, for example, engaged on a long struggle with one Mr Carr in such a case between 1864 and 1867. Carr refused to lay on water to twenty-one houses owned by him, and instead deepened the wells which served them, though only after the Vestry had threatened to undertake the work and charge him the cost. Two years later, there were complaints that the houses were without both water and drains. The medical officer, Dr Bristowe, found that the well-water supply was impure: he was thus able to order the closure of the wells, and the laying-on of company water. Over a period of four months, Carr still refused to provide a supply, and was last heard of, when the Vestry finally took the matter into its own hands, as obstructing the contractor who came at the Vestry's bidding to connect the houses to the main.'"
The detail of water supply systems also caused problems. Building standards and regulations were still very much in an experimental stage,"65 and the great nineteenthcentury English moral struggle over the right of the community to regulate the behaviour of the individual for his own and others' good was still not fully resolved."66 As a result, local sanitary officers generally did not have powers to enforce sanitary standards which, by the simplest criteria of common sense, they knew to be correct. It was a common practice, for example, for London houses to be furnished with one water-cistern only, for both drinking-water and the flushing of the closet. In poor districts, the water-butt was often kept close by the closet, and was frequently connected to it by a pipe which directed the overflow of the former into the latter. As water flowed for only one or two hours a day, or every other day, whenever the pipe was empty the effluvia from the closet passed along it and into the water-butt, contaminating the water stored there."67 Although the ability of water to absorb gases had been known since the eighteenth century, and although contaminated water was recognized by the legislature as an evil, the medical officers had no powers to enforce the provision of distinct supplies for flushing and drinking.'" Further problems concerned the cisterns in which piped water was stored, as Bolton suggested. Even where these were adequately protected from household contamination, the seasonal turbidity of the company water supplies meant that muddy deposits usually accumulated in them as water rested there before use. In Paddington, Dr Hardwick recorded that water-cisterns were objectionable in the houses of both rich and poor, while in Kensington the cleaning of cisterns was still a problem in the late 1 890s. 169 The complexity of the London leasehold system added to the problems which local authorities faced in trying to safeguard domestic water supplies. In most of the working-class and poor areas of the city, a multiplicity of small property-owners leased houses to one or more tenants. The owner remained responsible for rates and dues on the house, because many such tenancies were very short-term. It not infrequently occurred that the owner of one or more houses failed to pay his water rates, often because previous tenants had absconded without paying the rent. In these circumstances, the water companies would exercise their disciplinary rights, and cut off the water supply to the properties concerned until the rates had been paid. The people thus deprived of water were not, in fact, those from whom payment was owing. Houses were sometimes left for weeks without water and, what infuriated the medical officers, the company would inform the local authority of their proceedings, that the medical officers might take legal measures to have the water supply restored.170 The companies' powers to cut off supply for non-payment of rates were limited in 1887, but not removed altogether, and remained a source of vestry grievance until the end of the century. 171 The medical officers reported regularly on the quality of water supplied by the companies which served their districts. Some, such as Dr Bristowe of Camberwell and Dr Rendle of St George-the-Martyr, began their own water analyses soon after they were appointed; others relied on external opinion. From the 1860s, monthly water reports were being performed for both the Registrar-General and the Society of Medical Officers of Health.172 The appointment of Francis Bolton, a soldier and electrician, as the first Metropolitan Water Examiner in 1871, was somewhat controversial, and aroused bad feeling among those chemists and doctors who had been engaged in the study of water analyses for many years: Dr Frankland, for example, who had bet making the reports to the Registrar-General since 1864, referred to Bolton scathingly as a "mere inspector of filter beds"''73 Bolton nevertheless proceeded to make his mark, and before his death in 1887 became a recognized authority on the subject of London water.174 By 1881, there were four different sets of water analyses available to interested parties, one official and three quasi-official. Anne Hardy comparative purposes, however, since they were given in three different ways, i.e., the amount of organic contamination was given per 100,000, or per 1,000,000 or per 70,000 parts water, and different tabular divisions were used.'76 The analyses were also made at varying intervals, by the month or daily. It may be worth noting that at least one medical officer, William Iliff of Newington, considered that the single monthly examination made by Frankland was insufficient and unfair to the companies, while the daily reports of the company-employed analysts were more satisfactory.'77
The proliferation of water analyses was accompanied by some divergence of analytical techniques, as well as their steady development in line with the discoveries of the new bacteriology. Wanklyn, for example, disclosed his ammonia process of water analysis in 1867, and stood by it in spite of much controversy concerning its value, until his death in 1906.178 Shortly after his technique had been published, Pasteur revolutionized the concept of water contamination by demonstrating that the process of fermentation was due to living organisms, and that living organisms were also certainly the cause of some, and probably all, the zymotic diseases (as the communicable diseases were known).'79 The presence of organic matter in water, traditionally the lynch-pin of water quality, was deprived of much of its importance, except as it served to indicate the possible presence of living organisms endowed with virulent propensities.l' The impact of Pasteur's work on water analysis was delayed by the as yet unconfirmed link between micro-organisms and disease; and the limitations of analysis meant that there could still be no fixed standard for water purity.'8' The disputes which raged about the subject of water analysis in England thus continued unabated for some years. In 1871, for example, Professor Parkes of the Army Medical School, described as "usable" water which Frankland thought unfit for human consumption; Bolton deplored the "too frequent and too imprecise" use of terms such as "living organism" and "moving organism"; and Dr Beale of King's College Hospital stated that small fragments of dead animal or vegetable matter placed in pure water and left for a few hours would result in the development of simple living organisms, which "cannot well be considered prejudicial to health".'82 With this divergence of views, and the old controversy about the quality of company supplies, ill feeling was never far removed from the London water debates. Small wonder that William lliff, who saw all these views and investigations as of equal value in tending to the ultimate benefit of the consumer, felt it necessary to deplore the "antagonism that Water and the search forpublic health in London seems inseparable from all inquiries as to the efficiency or otherwise of the arrangements of the Water Companies".'53
It was not until Robert Koch published his methods of bacteriological study in 1881 that a uniform standard of analysis and water quality became possible. Koch's gelatine process of water examination was first introduced into England in 1885,''4 and the Thames and Lea waters were bacteriologically investigated at the instigation of the Local Government Board between 1885 and 1888.'85 The result of this inquiry astonished the sanitary reformers, for it revealed that sand filtration removed at least ninety-five per cent of the micro-organisms present in water, according to the state of the filter bed.'" The remaining five per cent or less of organisms still presented a problem, however, and many people were finally convinced that London could only be provided with a medically satisfactory water supply by seeking an alternative source.'87 Although deep wells were providing an increasing percentage of the city's supply (12.46 per cent in 1888 as against seven per cent in 1866), the rivers still constituted the major source.'88 While other sources were under consideration, and argument continued as to the danger represented by the five per cent of remaining microorganisms, guidance was given by Koch's declaration that potable water should contain not more than 100 microbes per cubic centimetre.'89 This gave medical officers an authoritative standard against which to measure company water. It was a more generous estimate than the old ideal standard of complete purity, but the condition of company water was still found to vary considerably according to the time of year. The Chelsea Company's count, for example, averaged fifty-six microbes per cubic centimetre, but varied from 232 in February to four in October.'"W If such results were not always reassuring, medical officers could now form their own opinions about the local company water by using Koch's gelatine-plate culture, rather than having to interpret the conflicting opinions of the chemical experts."'9
The establishment of a scientific basis of water analysis in the later 1 880s stimulated increased attention to the other perennial grievance against the water companies: intermittent supply. From the earliest days of their appointment, the London medical officers had been pressing for the extension of the constant supply system to all dwellings in the city."92 Although provision had been made for this under the Waterworks Clauses Act 1847, the situation was still far from satisfactory in 1890. The slow spread of the constant system has generally been ascribed to the parsimony and self-interest 1u3 Ibid. 154 Frankland, op. cit., note 179 above, p. 119.
Anne Hardy of the water companies,"93 and though there may be justice in this, there were other factors involved. The London leasehold system was one major element, for although the companies were obliged to give a constant supply where the metropolitan authority requested it, in practice such requests were rare. 194 The arrangement was an expensive one, because in accordance with the law the prospective tenant had to provide a domestic cistern and fittings to meet the company regulations.'9" Where small landlords were responsible for a number of houses, and particularly where a poor class of property was involved, the capital investment required commonly outweighed any subsequent benefits that might be derived from a higher rental, even supposing the imposition of an increase in rental was feasible. Arrangements had also to be made with the local authority, under whose supervision alone the roadway and pavements might be broken up for the necessary connexion with the main to be laid. Finally, in the poorest quarters of the city, inhabited by those problem tenants whose sanitary requirements were in the public health view the most urgent, the landlord's investment was constantly at risk: taps, pipes, and other sanitary fittings were items of value in the scrap-metal market.'" In such circumstances, the sympathies of many medical officers lay with the landlords, and they were unwilling to force the extension of constant supply."97 By 1890, therefore, although the constant supply system was certainly more widespread than it had been forty-five years earlier, much still remained to be done. At about this time also, doubts began to arise concerning the storage capacity of the companies. Initially, this concern emerged because of the continuing turbidity of supply, especially in the autumn and spring months, when the Thames was liable to flood. When this happened, quantities of topsoil and manure were washed downstream. This problem became prominent when in 1891, because of heavy Water and the search forpublic health in London flooding of the Thames and Lea in the summer and autumn, and dense smoke fogs which interfered with the companies' operations early in the year, there was exceptional pollution of the supply. Frankland observed that water "Qf such bad quality, as regards organic matter in solution, has rarely been delivered by the companies in the last 26 years".199 Although the water companies were by this date both storing (to allow settlement of suspended deposits) and filtering their supplies before passing them on to the consumer, it was evident that their storage facilities were not extensive enough to cope with such extraordinary conditions. The storage capacity of various companies in 1891 was: the Chelsea Company, 14.1 days' supply; the West Middlesex, 7.4; the Lambeth, 7; the Grand Junction, 3.5; the Southwark and Vauxhall, 2.7.2°°When the "raw" water was so grossly polluted, the length of time required to make it drinkable exceeded the ratio of demand to storage, and the companies thus failed to supply water that was either pleasant or, indeed, safe.201 Nevertheless, Frankland's report for 1890, in which the analyses of that year were compared with those of 1868, strikingly demonstrated the great improvement in filtration which the companies had effected since he first began examining their supplies.202 (See also Table III .)
The doubts about the companies' storage capacity increased as the new London County Council began to apply pressure for the universal extension of the constant service in the early 1890s. In its first two years, the LCC contented itself with exercising its power as metropolitan authority, under the Metropolis Water Act 1871, of applying to a water company to give constant supply in those cases where a vestry or district board requested it to do so. Although water supply had been a political issue in London since 1870, and although the new Council came to power determined to wrest the water companies' undertakings from them,203 it seems that politics did not dictate the Council's decision, in 1891, to take the initiative into its own hands, and to exercise its power throughout the county of London. In spite of the strong social improvement/public health motive long associated with constant water supply, the impetus for this decision came not from the Council's Sanitary Committee, but from the Fire Brigade Committee, which had experienced difficulty in obtaining water to extinguish fires in the Strand district.2tM Some initial difficulties were met with in putting the scheme into effect, notably from the Chelsea Company,205 but by 1899, the LCC had achieved one long-desired sanitary object: constant water supplied to all houses in the county of London area.
During the course of the 1890s, however, further weaknesses were revealed in the but the East London, virtually the whole of whose area was on constant supply, suffered the most severely. With the extension of constant supply increasing demand, and with a series of exceptionally hot summers resulting in both the Thames and Lea running abnormally low,2" water failures were again experienced in 1896 and 1898. In East London, the problem was compounded by local sanitary regulations which, with the introduction of constant service, had made away with domestic storage cisterns, on the grounds that they were insanitary and, with constant supply, mercifully unnecessary. When the mains were cut off, therefore, not the smallest supply of water remained for emergency use.209 Although the East London Company was on each occasion bailed out of its immediate difficulties by the other companies, these in so doing placed a strain on their own supplies.210 It was not until after 1898, when disaster struck in a drought unparalleled for eighty-six years, that the companies obtained powers for adequate communicating mains. 211 The pollution experience of 1891 and the later water failures demonstrated the continuing vulnerability of London's water supply. Although the enormous improvements in both sewerage and water supply which had taken place since c. 1855 were widely seen as responsible for the marked decline in adult mortality from water-borne disease during that period,212 such incidents as the outbreak of cholera on the Continent in 1892-92 produced some sanitary anxiety.213 Concern over the sanitary aspects of the water supply was compounded by other events in the 1890s: the introduction of scientific analysis; the extension of constant supply; the demonstrated flaws in local sanitary regulations with regard to water; the continued remarkable growth of population in the capital which, it was feared, would soon strain the companies' resources beyond their capability; political developments at government level and within the LCC. The old private local system of water provision in the capital was finally destroyed by this combination of developments.214 In 1904, the eight remaining water companies were taken over by the Metropolitan Water Board, which henceforth managed all the water undertakings in the London area. Yet the policies adopted by the new management were far from revolutionary. Until after the First World War, the Metropolitan Water Board continued to pursue expansion along the lines pro-
